(See the Major Article by Kicia et al on pages 1228-34.)
Kicia et al report an association between Encephalitozoon species and osteolysis of prosthetic hip implants in a small cohort of patients with presumed aseptic failure. Hip arthroplasty is the fourth most common operating procedure for inpatient stays in the United States, and periprosthetic joint infection is one of the most common indications for revision surgery [1] . The diagnosis of periprosthetic infections is imperfect, and the underlying causative agent may fail to be identified. The results presented by Kicia et al are therefore relevant and potentially of significance.
The authors hypothesized that Encephalitozoon species is associated with the periprosthetic osteolysis. The study rationale is based on 2 cohort studies from the Czech Republic (Sak et al, PLoS Negl Top Dis, 2011 and Sak et al, J Clin Microbiol. 2011) demonstrating predominantly asymptomatic carriage of the organism in immunocompetent hosts. The authors also cite a study by Kotkova et al (PLoS One. 2013), a murine model demonstrating reactivation of the organism following exposure to dexamethasone. Further data to support the biological plausibility of the hypothesis, such as animal models or cohort studies, are limited to date.
The trial recruited 2 groups of patients from a single orthopedic center in Poland: patients (n = 23) with presumed aseptic periprosthetic osteolysis undergoing revision hip arthroplasty and patients (n = 30) undergoing primary hip arthroplasty as control patients. Details regarding the overall study population are not provided in the article, including the number of eligible patients in the cohort and the process for participant enrolment. In addition, there is no comment regarding blinding of the pathologist and microbiological staff performing the investigations. This limits examination for potential biases or assessment of the generalizability of the study cohort to the overall population and other patient populations.
The study demonstrated the presence of Encephalitozoon cuniculi genotype II DNA in tissue samples in 39% (9/23) of the revision arthroplasty patients and 3.3% (1/30) of patients undergoing primary hip arthroplasty. DNA from the same organism was also detected in the stool sample of 1 patient and in the urine of 5 patients. Of note, Encephalitozoon DNA was detected in 2 further urine samples; however, the species was a novel Encephalitozoon species. There is limited detail in the methodological section regarding measures taken to reduce the risk of contamination of specimens such as the method for periprosthetic tissue sample collection and specimen processing. Of note, however, spores were detected with selective staining of the tissue specimens, supporting the molecular findings.
The authors conclude that Encephalitozoon cuniculi must be considered as a contributing cause of periprosthetic osteolysis.
This study reports an important observation. Further data are required to support causation, biological plausibility, and generalizability of these findings.
Demonstrating causation is a common challenge faced by researchers. A number of systematic approaches to establish causality have been proposed. The Henle-Koch Postulates were first proposed in the late 19th century as an approach to demonstrate the link between organism and disease [2, 3] . As outlined by Evans et al., these postulates put forth 3 conditions to be satisfied in order to establish causality, namely:
1. The purported pathogen is present in every case of the disease, and the presence of the purported pathogen is linked to the disease process observed. 2. The purported pathogen does not occur in a nonpathogenic form. 3. Following isolation of the purported pathogen in culture, upon reexposure, the purported pathogen will induce the disease again [3] The limitations of these postulates are well recognized, particularly in the setting of intracellular obligate parasites, such as Encephalitozoon species [2] . With the advent of molecular and other non-culture-based diagnostic techniques, a number of authors have attempted to refine and update the Henle-Koch postulates. Fredricks and Relman proposed 7 criteria to establish causation for sequence-based identification of putative pathogens:
1. The nuclei acid sequence of the purported pathogen should be detected in the majority of cases and found preferentially in tissues with associated pathology. 2. The pathogen associated nuclei acid sequences should be absent in tissues without disease. 3. The amount of pathogen associated nuclei acid sequences detected should demonstrate a decrease with treatment or disease resolution and increase in the setting of disease recurrence. 4. There is a temporal relationship between pathogen and disease, with the detection of the pathogen associated nuclei acid sequences predating the disease. 5. The association between the organism and the disease is biologically plausible. 6. Microorganisms should be visualized in tissues associated with pathology. 7. The results should be reproducible [2] .
The criteria proposed by Fredricks and Relman share many similarities with the Bradford Hill criteria for causation [4] .
In this current study, the authors demonstrated the nuclei acid sequence of the purported pathogen in tissues with associated pathology and organisms were visualized in the tissue specimens in these patients (criteria 1 and 6). The authors hypothesize the presence of this organism in the tissue may result from a chronic inflammatory process leading to persistent activation of the organism, in keeping with the murine model cited. At variance with the murine model, patients receiving immunosuppressive therapy were excluded from the study. The pathogenicity of Encephalitozoon in the setting of osteolysis and whether immune activation, rather than suppression, contributes to persistence of infection, is unknown.
In addition, DNA for this organism was detected in 1 patient undergoing primary arthroplasty, and inflammatory changes were also noted in the tissue samples in the control group of patients undergoing primary arthroplasty. It would be of interest for further examination of the histological features in the 2 groups in order to assess whether the immune process differs. The authors have postulated the detection of Encephalitozoon DNA in the patient undergoing primary arthroplasty may represent a localized inflammatory response.
The inclusion of a control group is an important aspect of the study; however, the other potential group to investigate is patients with a well-fixed prosthesis, for example, investigation of whether the organism is detected in periprosthetic tissue samples from cadaveric specimens without evidence of prosthesis loosening. This would allow distinction between whether the organism is associated with the presence of a prosthesis, in general, or only in the setting of osteolysis, thereby providing further evidence to support the role the organism plays in aseptic failure. This also may delineate the temporal relationship of pathogen and disease. In addition, it would be important to establish if this association was only observed in hip prosthesis failure, or whether other joints, such as knees, were affected. A further question arising is the potential impact of treatment, in particular, whether treatment would prevent or reverse the osteolytic process and reduce the incidence prosthesis failure. Finally, the findings are yet to be reproduced: of note, 2 recent publications performing metagenomics analysis on bone and joint tissue specimens did not detect Encephalitozoon DNA [5, 6] .
This may relate to preparation processes or may also relate to different geographical distributions of the organism.
CONCLUSION
The study by Kicia et al reports the presence of Encephalitozoon cuniculi in a significant proportion of patients with prosthetic hip joint osteolysis. The observations are surprising and novel. Further corroboration by other investigators is needed to validate these findings. In addition, the pathological mechanisms for these observations and potential impact of antimicrobial therapy on the disease and patient outcomes also warrant further investigation. Therefore, although an interesting observation, a definitive link between Encephalitozoon and osteolysis in prosthetic hip joints has not been established, and proof of causation needs to be confirmed.
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